Abstract-Wireless and mobile networks have experienced a great success in the past few years. However, any single type of wireless and mobile network cannot meet all types of service requirements. For example, no single type of existing wireless and mobile network can provide both wide coverage and high bandwidth services. In order to provide more comprehensive services, an integrated heterogeneous wireless and mobile network is introduced. It consists of several different types of wireless and mobile networks and can provide more connection options for mobile users than a single type of wireless and mobile network. However, the integrated heterogeneous wireless and mobile network imposes great challenges in many perspectives. One of these challenges is to efficiently allocate resource for supporting multiple traffic (voice, video, data, and etc). Although a lot of resource allocation schemes have been proposed, they mostly focus on supporting multiple traffic in single type of network or supporting a single type of traffic in an integrated heterogeneous wireless and mobile network. Therefore, they may not be suitable for supporting multiple traffic in an integrated heterogeneous wireless and mobile network. In this paper, we propose two preemption-based resource allocation schemes to support multiple traffic in an integrated heterogeneous wireless and mobile network. In both schemes, we allow different types of traffic to have different priorities and higher priority traffic can preempt lower priority traffic. We evaluate the system performances of our proposed schemes by using extensive simulations. The simulation results show that the proposed schemes can significantly improve the system performances.
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I. INTRODUCTION
Wireless and mobile networks have experienced great deployment in recent years. Generally, wireless and mobile networks can be categorized into two types: centralized (or infrastructure-based) and distributed (or infrastructure-less) wireless and mobile networks. A centralized wireless and mobile network has a fixed network architecture. Cellular networks and the IEEE 802.11 Wireless Local Area Networks (WLANs) are the examples of centralized wireless and mobile networks. In a cellular network, the service area is divided into many small areas that are called cells. In each cell, there is a central control unit called Base Station (BS) to control all the communications. In a WLAN, there is a similar network architecture to cellular network and the central control units are called Access Points (APs). On the other hand, a distributed wireless and mobile network such as ad hoc network does not have a fixed network architecture and the networks are dynamically created by the communication nodes. As we known, different types of wireless and mobile networks can provide different types of services. For example, some cellular networks such as GSM (Global System for Mobile Communications) [1] and IS-95 [2] are good at providing low bandwidth voice service in a wide area. On the contrary, the WLANs can provide high bandwidth services in hot spots. However, any single type of wireless and mobile network cannot provide high bandwidth services in a wide area. Therefore, network integration of existing wireless and mobile networks is required to provide more comprehensive services.
The advances in integrated circuits design and software radio make it possible to implement multiple network interfaces in a single mobile terminal. Such terminal is called multi-mode terminal. A multi-mode terminal can access different types of wireless and mobile networks, which provides more versatile and flexible access options. As a result, the concept of integrated heterogeneous wireless and mobile network is introduced by combining different types of wireless and mobile networks. Figure 1 shows an example of an integrated heterogeneous wireless and mobile network which consists of satellite networks, cellular networks, WLANs and ad hoc networks.
Although the integrated heterogeneous wireless and mobile network provides more comprehensive services, it imposes great challenges in many perspectives, such as network integration, handoff, and resource allocation scheme. The basic requirement for an integrated heterogeneous wireless and mobile network is to interwork or interconnect different types of wireless and mobile networks. In [3] , two integration mechanisms, tight coupling and loose coupling, are discussed to interconnect General Packet Radio Service (GPRS) and WLAN. In the tight coupling, WLAN is deployed as a radio access network of GPRS. Therefore, the traffic in WLAN must go through the core network of GPRS, which incurs a burden to the core network of GPRS. In the loose coupling, GPRS and WLAN are connected with each other via the Internet, which is more flexible than the tight coupling. 3GPP (the 3rd Generation Project Partnership) also discusses the interworking mechanism between cellular network and WLAN. In [4] , a third party that resides in the Internet is introduced to connect different types of wireless and mobile networks.
In a traditional centralized wireless and mobile networks, an active mobile user may move from one cell to another cell. In order to keep the communication alive, the connection has to be changed from one BS (or AP) to another BS (or AP). Such process of changing the connection within the same network is called horizontal handoff. For example, the handoff between two neighboring cells of the cellular network in Figure 1 is a horizontal handoff. Since the horizontal handoff call only happens within the same network, we also call it intra-network handoff. Unlike horizontal handoff, a vertical handoff occurs when a connection is changed between different types of wireless and mobile networks. Therefore, we also call vertical handoff inter-network handoff. The handoff between a cellular network and a WLAN in Figure 1 is vertical handoff. Compared to horizontal handoff, vertical handoff has a more complicated process, which is usually divided into three different phases: network discovery, vertical handoff decision, and vertical handoff execution [5] .
Vertical handoff can be further classified into two types. When an active mobile user moves in integrated heterogeneous wireless and mobile networks, it may keep searching for a network with higher bandwidth. If a network with higher bandwidth is found, the connection may be changed to the higher bandwidth network. This type of vertical handoff is called downward vertical handoff. Since the communication is still alive if the downward vertical handoff does not happen, the downward vertical handoff is not mandatory [6] . On the other hand, when an active mobile user moves out of the coverage of its current serving network, a vertical handoff to other available networks is required to keep the communication alive. This type of vertical handoff is called upward vertical handoff. Since the ongoing communications will be terminated if the upward vertical handoff fails, it is mandatory like horizontal handoff [6] . Vertical handoff plays an important role in integrated heterogeneous wireless and mobile networks because the resource can be allocated in a more flexible way.
Most of the early wireless and mobile networks carry voice traffic only. However, with the dramatic increase of the multimedia contents in the Internet, cellular networks, and WLANs, multiple traffic such as voice, video, and data, has to be supported in wireless and mobile networks. Generally, these traffic can be divided into two types, realtime and non-real-time traffic, based on their sensitivities to the delay. Real-time traffic (voice and video) is strict to the delay, while non-real-time traffic (data) can tolerate some delay. The major challenge to support multiple traffic in a wireless and mobile network is that different types of traffic are cooperated into one system and they have different Quality of Service (QoS) requirements.
In other words, they should be treated differently when allocating the resource. Compared to the single type of wireless and mobile network, the resource allocation for multiple traffic in an integrated heterogeneous wireless and mobile network is more difficult because different types of wireless and mobile networks provide significantly different services.
Although some resource allocation schemes have been proposed [7] - [14] , they consider either multiple traffic in a single type of wireless and mobile network or a single type of traffic in integrated heterogeneous wireless and mobile networks. Little work has been done to manage multiple traffic in integrated heterogeneous wireless and mobile networks [15] , [16] . Different vertical handoff policies have been proposed for different types of traffic which will be discussed in details in the next section. In this paper, we propose two resource allocation schemes for supporting multiple traffic in integrated heterogeneous wireless and mobile networks. The proposed schemes take advantage of service features of different types of wireless and mobile networks, moving nature of mobile users, and distinct QoS requirements of different types of traffic. In both schemes, we allow different types of traffic to have different priorities and the lower priority traffic can be preempted by higher priority traffic. In the first scheme, the last accepted call with lower priority is first preempted. In the second scheme, the lower priority call that reaches a higher bandwidth network earliest is preempted first. The system performances of the proposed schemes are evaluated by extensive simulations and the simulation results show significant improvements of system performances.
This paper is organized as follows: In next section, related research is briefly reviewed. In Section III, the system model with multiple traffic integrated heterogeneous wireless and mobile networks is introduced. Two resource allocation schemes are discussed in Section IV. Section V provides numerical results and performance comparison between the proposed schemes and an existing one. Finally, we conclude the paper in Section VI.
II. RELATED RESEARCH
The key to support multiple traffic is to treat them differently since they have different QoS requirements. In [7] , the authors have presented different call admission control polices for voice and data traffic. Since data traffic is delay-insensitive and voice traffic is stringent to access delay, an incoming voice call is allowed to preempt ongoing data calls if there are ongoing data calls in the system. A priority queue is introduced to hold the preempted data calls [7] . When a data call arrives, it is also put into the queue if the system is full. In [8] , the authors have compared two bandwidth allocation schemes: complete share and dynamic partition, to manage multiple traffic. Both schemes can support multiple traffic in a cellular network. In complete share scheme, all types of traffic share the system resource and each type of traffic has a threshold to limit the maximum number of active users belonging to its type. Consequently, different types of traffic are treated differently because they have different thresholds [8] . In the dynamic partition scheme, the system resource is divided into several partitions and each type of traffic has its own partition. An incoming call is blocked if there is no free resource belonging to its partition [8] . In [9] , the authors have considered the resource allocation of multiple traffic with different priorities. Different call admission control policies are presented for different types of traffic. In order to support DiffServ (Differentiate Service) in wireless and mobile networks, a preemption-based QoS control scheme has been discussed in [10] . Each type of traffic has a queue to hold the same type of preempted calls. When a new call is generated, it is also put into the queue if there is no free resource. The calls in the queue can be served when the resource becomes available in the order of priority. Therefore, the resource is first allocated to the call that has the highest priority [10] . Although all of the above resource allocation schemes [7] -[10] achieve significant improvements on the system performances, they only focus on a single type of wireless and mobile network, which may not efficiently support multiple traffic in an integrated heterogeneous wireless and mobile network.
Compared to a single type of wireless and mobile network, the resource allocation in an integrated heterogeneous wireless and mobile network has to face more challenges due to the heterogeneity of the component wireless and mobile networks. Traditional resource allocation scheme, which is called disjoint resource allocation scheme in [11] , allocates the resource in each network individually. The authors assume that each mobile user has a preferred wireless and mobile networks. Using traditional resource allocation scheme, a call request from a mobile user is rejected if its preferred network is congested. However, in joint resource allocation scheme [11] , the call blocked by its preferred networks still can be accepted by another available network. Another joint session admission control scheme has been proposed for an integrated CDMA-WLAN network in [12] . The target of the optimal admission control algorithm is to maximize the total revenue for the integrated CDMA-WLAN network, while satisfying multiple QoS requirements such as the blocking probability of originating calls and the forced termination probability of handoff calls in WLAN or CDMA network. Both schemes in [13] and [14] take advantages of vertical handoff to allocate the mobile users to different types of wireless and mobile networks. The above schemes [11] - [14] consider the resource allocation from the perspective of an integrated heterogeneous wireless and mobile networks. However, only a single type of traffic is examined.
The resource allocation scheme proposed in [15] treats the real-time and non-real-time traffic differently in an integrated CDMA-WLAN network. For real-time traffic, vertical handoff is made as soon as possible to minimize the handoff delay. For non-real-time traffic, the amount of data being transmitted is more important than the delay. Therefore, the connection to the higher bandwidth network is kept as long as possible to maximize the throughput. In [16] , the authors have also proposed different vertical handoff policies for real-time and nonreal-time traffic. Although the schemes in [15] and [16] improve the system performances in certain perspectives, call-level performances such as the blocking probability of originating calls and the forced termination probability of handoff calls are not examined. Furthermore, in both schemes, all types of traffic are switched to a higher bandwidth network when a higher bandwidth network becomes available. However, this policy causes frequent handoffs which may interrupt the ongoing communications. Therefore, it may not be effective for delaysensitive traffic because delay-sensitive ongoing calls are terminated if their communications are interrupted.
III. SYSTEM MODEL
We consider an integrated heterogeneous wireless and mobile network that has K types of different wireless and mobile networks (network N 1 , network N 2 , ..., and network N K ). We assume that the entire service area of the integrated heterogeneous wireless and mobile network is covered by network N 1 and network N 1 consists of many homogeneous cells with lower bandwidth service. We also assume that network N i (i = 2, 3, ..., K) provides higher bandwidth service with limited coverage and each higher bandwidth network N i (i = 2, 3, ..., K) has one cell randomly distributed in each cell of network We consider two types of traffic, real-time traffic (rtt) and non-real-time traffic (nrt). Unlike previous work 
in [ Since terminating an ongoing real-time call is more frustrating than blocking an originating real-time call from a user's point of view [17] , we give higher priority to handoff real-time calls over originating real-time calls. That is, certain logic channels are reserved exclusively in each cell of network N 1 for handoff real-time calls. In this paper, we allow an incoming real-time call to preempt ongoing non-real-time calls if the system is full. Therefore, a queue is assumed in each cell of network N 1 to hold preempted non-real-time calls.
IV. RESOURCE ALLOCATION SCHEMES
When a call is accepted by network N 1 , the bandwidth allocation is based on its bandwidth requirements. If a call is accepted by network N i (i = 2, 3, ..., K) , it is allocated with bandwidth that cannot be less than its bandwidth requirement.
Since real-time traffic is delay-sensitive and non-realtime traffic is delay-tolerant, we assume that real-time traffic has higher priority over non-real-time traffic. As a result, ongoing non-real-time calls can be preempted by an incoming real-time call. Although different classes of real-time traffic have different bandwidth requirements, they have the same priority because all of them are delaysensitive. On the other hand, we assume that non-realtime constant bandwidth calls have higher priority over non-real-time variable bandwidth calls since a non-realtime variable bandwidth call can spare part of its occupied bandwidth units while keeping its communication alive. However, an incoming non-real-time constant bandwidth call is not allowed to preempt ongoing non-real-time variable bandwidth calls since they are both delay-tolerant.
Because real-time traffic is delay-sensitive, an ongoing real-time call is terminated due to a fail handoff and is removed from the system. Unlike real-time traffic, nonreal-time traffic is delay-tolerant. It can be put into the queue if the handoff fails. Non-real-time traffic also benefits from a higher bandwidth channel that can improve its throughput and reduce its transmission time. Therefore, we design different vertical handoff policies and call admission control policies for real-time and non-real-time traffic, respectively.
We do not allow an ongoing real-time call to make a downward vertical handoff to a higher bandwidth network even when a higher bandwidth network is available in order to reduce the forced termination probability of realtime handoff calls. When an originating real-time call or new real-time call is generated, it checks the bandwidth availability in network N 1 as shown in Algorithm 1. If there is enough free resource in network N 1 , the originating real-time call is accepted by network N 1 . Otherwise, the originating real-time call tries to preempt ongoing non-real-time calls served by the same cell of network N 1 . If the preemption succeeds, the originating real-time call is accepted by network N 1 . If the preemption fails, the availability of higher bandwidth networks N i (i = 2, 3, ..., K) has to be checked. If there are more than one higher bandwidth network available, the originating real-time call is accepted by the network with the lowest bandwidth. The real-time call is blocked if there is no higher bandwidth network available. 
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An incoming real-time call, either originating or handoff call, can preempt ongoing non-real-time constant bandwidth calls or variable bandwidth calls if there are ongoing non-real-time calls in the same cell of network N 1 . However, an incoming real-time call tries to preempt ongoing non-real-time variable bandwidth calls first because they have lower priority. Since we do not want to accept a real-time call by terminating an ongoing non-real-time call, the preemption fails if the queue is full, even when ongoing non-real-time calls exist in the same cell of network N 1 .
In order to increase the throughput of non-real-time traffic, an ongoing non-real-time call makes a vertical handoff to a higher bandwidth network immediately when a higher bandwidth network becomes available. When a non-real-time call, either originating or handoff call, is generated, it checks the availability of higher bandwidth network N i (i = 2, 3, ..., K) first as shown in Algorithm 2. The non-real-time call is accepted by the network with the highest bandwidth if there are more than one higher bandwidth network available. Otherwise, it tries network N 1 . The non-real-time call is accepted by network N 1 if there is enough free resource in network N 1 . If there is no enough resource in network N 1 , the non-real-time call is put into the queue if the queue is not full or is blocked if the queue is full. The non-real-time calls wait in the queue until the resource becomes available. When a non-real-time call in the queue moves out of its current cell of network N 1 , it is treated as a horizontal handoff non-real-time call between two corresponding cells of network N 1 .
In the following, we propose two different preemption schemes, Last-Come-First-Preempted (LCFP) Scheme and Path-Prediction-Based Preemption (PPP) Scheme, which are different in the preemption order.
A. Last-Come-First-Preempted (LCFP) Scheme
When an incoming real-time call makes a preemption, it tries to preempt ongoing non-real-time variable bandwidth calls first since they have lower priority than nonreal-time constant bandwidth calls. In this scheme, the order of preemption is based on the descending order of time when ongoing non-real-time variable bandwidth calls were accepted by the system. Therefore, the last accepted non-real-time variable bandwidth call is preempted first. By doing this, the bandwidth is kept by the non-real-time calls that were accepted earlier. As a result, these calls can complete their communications earlier and the occupied bandwidth can be released more quickly. If there is no ongoing non-real-time variable bandwidth call in the same cell of network N 1 , the incoming real-time call tries to preempt an ongoing non-real-time constant bandwidth call in the descending order of time when the non-real-time constant bandwidth calls were accepted by the system. If the bandwidth required by an incoming real-time call is larger than the bandwidth that the selected ongoing non-real-time call can provide, more than one ongoing non-real-time call may be preempted together to provide the required bandwidth.
When an ongoing real-time or non-real-time call of N 1 completes its communication or moves out of the same cell of network N 1 , the occupied bandwidth by this call becomes available. This available bandwidth is first reallocated to ongoing real-time calls in higher bandwidth networks N i (i = 2, 3, ..., K) which reside in the same cell of network N 1 . If there is no ongoing real-time call in higher bandwidth networks N i (i = 2, 3, ..., K) that reside in current cell of network N 1 , the available bandwidth is reallocated to non-real-time calls in the queue based on Last-In-First-Out discipline. Since the non-real-time variable bandwidth calls are first preempted, they can be reallocated bandwidth only when there is no non-real-time constant bandwidth call in the queue. In this scheme, we assume that the location information of an active mobile user is known. Consequently, the time when an active non-real-time mobile user reaches a higher bandwidth network can be estimated and we denote this time as T . If an active non-real-time mobile user of network N 1 cannot reach a higher bandwidth network before it moves out of the current cell of network N 1 , T is set to −1. As shown in Figure 2 , mobile user 1 cannot reach the higher bandwidth network before it moves out of the current cell of network N 1 . Therefore, its T is set to -1. Because mobile user 2 can reach a higher bandwidth network before it moves out of the current cell of network N 1 , its T is given by N i (i = 2, 3, ..., K) , and v is the moving speed of mobile user 2. We assume that a mobile user does not change his speed and moving direction after the call is generated. Therefore, a linear function indicates mobile user's moving. By solving the above linear equation and the circular equation of higher bandwidth network
B. Path-Prediction-based Preemption (PPP) Scheme
If an incoming real-time call needs to make a preemption, it follows the preemption order as shown in Algorithm 3. The ongoing non-real-time variable bandwidth call in network N 1 that has the smallest T (T > 0) is preempted first since it reaches a higher bandwidth network more quickly and enjoys higher bandwidth service earlier. Otherwise, the last accepted ongoing non-real-time variable bandwidth call is preempted first if it is available. If there is no ongoing non-real-time variable bandwidth call in network N 1 , the incoming real-time call tries to preempt the ongoing non-real-time constant bandwidth calls in network N 1 . The ongoing non-real-time constant bandwidth call that has the smallest T (T > 0) is preempted first. If there is no ongoing non-real-time constant bandwidth call in network N 1 that satisfies T > 0, the last accepted ongoing non-real-time constant bandwidth call is preempted first. Otherwise, the incoming real-time call checks if there are higher bandwidth networks available.
When an ongoing real-time or non-real-time call of N 1 completes its communication or moves out of current cell of network N 1 , the occupied bandwidth is released and becomes available. The available bandwidth is real- 
V. NUMERICAL RESULTS AND DISCUSSIONS
We consider an integrated heterogeneous wireless and mobile network that has K types of wireless and mobile networks. Here, we set K = 3. The radius of each cell in network N 1 is set to 800 m and the radius R i of each cell in network N i (i = 2, 3) is randomly selected in the range of [80, 160] m which is close to the radius of a typical WLAN.
In our simulations, network N 1 has 10 × 10 cells that fill the entire service area. When a mobile user in the edge cell moves out of the service area, the same mobile user moves into the other side of the service area through a horizontal handoff between two corresponding cells of network N 1 . For example, when a mobile user moves out of the service area from the left side, it moves into the service area from the right side immediately. By doing this, we can simulate a very large coverage of wireless and mobile networks using limited number of cells.
We set 25 logic channels in each cell of network N 1 . That is, B 1 = 25. We reserve two logic channels exclusively for handoff real-time calls. The number of logic channels B i (i = 2, 3) in higher bandwidth network N i (i = 2, 3) is set to an integer that is uniformly distributed in the range of [5, 10] . Since a cellular network can provide around 300 Kbps transmission rate and a WLAN such as an IEEE 802.11 WLAN can provide 1 or 2 Mbps transmission rate, β i (i = 2, 3) is set to an integer that is uniformly distributed in the range of [5, 10] . If not specified, the queue size is set to 10.
We consider two classes of real-time traffic and two classes of non-real-time traffic in our simulations, i.e., high bandwidth real-time traffic (rtth), low bandwidth real-time traffic (rttl), non-real-time constant bandwidth traffic, and non-real-time variable bandwidth traffic. Low and high bandwidth real-time traffic requires 1 and 2 basic bandwidth units, respectively. Non-real-time constant bandwidth traffic requires 1 basic bandwidth unit, and non-real-time variable bandwidth traffic requires up to 4 basic bandwidth units. That is, b max vbt = 4. The arrival processes of originating calls are assumed to follow Poisson process with average arrival rate λ rtth , λ rttl , λ cbt , and λ vbt , respectively. The call holding time of realtime calls is assumed to follow exponential distribution with a mean value oft rtth =t rttl = 120 s. The call holding time of non-real-time calls is also assumed to follow exponential distribution with a mean value of t cbt =t vbt = 150 s if it is serviced by network N 1 . All the simulation parameters are summarized in TABLE II.
Generally, an active mobile user in an integrated heterogeneous wireless and mobile network likes to change his connection to a higher bandwidth network when the higher bandwidth network becomes available. We call it Basic Resource Management (BRM) Scheme in this paper, and compare it with our schemes.
For real-time traffic, the blocking probability of originating calls and the forced termination probability of horizontal handoff calls are two maim performance metric. In the simulation, the blocking probability of originating calls is the ratio of the blocked originating calls and the total number of originating requests. The forced termination probability of horizontal handoff calls is the ratio of the terminated horizontal handoff calls and the total number of horizontal handoff requests. For non-real-time traffic, we consider the average delay besides the blocking probability of originating calls and the forced termination probability of handoff calls. The average delay is the average value of the delays experienced by all the nonreal-time calls including the terminated ones. It is to note that we normalize the obtained average delay based on the bandwidth requirement.
Firstly, we evaluate the blocking probabilities of originating and handoff high bandwidth real-time calls under different offered traffic load. Offered traffic load of high bandwidth real-time traffic is defined as λ rtthtrtth . Figure  3 shows the probabilities for BRM, LCFP, and PPP schemes. In BRM scheme, no resource is exclusively reserved for handoff real-time calls. It means that the handoff real-time calls and the originating real-time calls are treated equally. Therefore, the blocking probability of originating real-time calls and the forced termination probability of handoff real-time calls are same as BRM scheme. However, some resource in network N 1 is exclusively reserved for handoff real-time calls for LCPF and PPP schemes. That is, higher priority is provided to handoff real-time calls in LCPF and PPP schemes. As a result, the forced termination probability of handoff real-time calls is lower than the blocking probability of originating real-time calls. Another observation from Figure 3 is that the LCPF and PPP schemes achieve better performance of real-time calls than BRM scheme. In BRM scheme, there is no preemption for real-time traffic. When a real-time call arrives, either originating or handoff real-time call, it is blocked if there is no enough resource available. However, preemption mechanisms in LCPF and PPP schemes give these blocked calls another chance to be accepted by the system. Consequently, the performances of real-time calls are better in both LCPF and PPP schemes. PPP scheme achieves the same performances of real-time calls as LCPF scheme because PPP scheme does not generate more free resource than LCPF scheme to accept real-time calls. Both PPP and LCFP schemes are preemption-based resource allocation schemes. However, they have different preemption orders. In LCFP scheme, the last accepted ongoing non-real-time call is firstly preempted. In PPP scheme, the ongoing non-real-time call that reaches higher bandwidth networks earliest is firstly preempted. That is, the ongoing non-real-time calls that have less chances to reach a higher bandwidth network can keep its bandwidth. Hence, the average delay of non-real-time calls in PPP scheme is less than that in LCPF scheme as shown in Figure 4 . Unlike LCPF and PPP schemes, there is no queue in BRM scheme. When an originating non-realtime call is generated in an area that is only covered by network N 1 , it is blocked if there is no enough free resource in network N 1 when using BRM scheme. Therefore, there is no delay for non-real-time calls in BRM scheme. However, the blocked calls are removed from the system immediately. In both LCFP and PPP schemes, the calls that cannot be accepted by the system are put into the queue to wait for available resource. Therefore, the blocking probability of non-real-time originating calls is lower in LCFP and PPP schemes as shown in Figure 5 . Compared to LCFP scheme, PPP scheme can obtain lower blocking probability of non-real-time variable bandwidth calls. Figure 5 . The blocking probability of non-real-time variable bandwidth calls Figure 6 compares the forced termination probabilities of handoff high bandwidth real-time calls and non-realtime variable bandwidth calls in LCFP and PPP schemes with different queue size. The forced termination probability of handoff non-real-time variable bandwidth calls decreases significantly when the queue size increases. However, the reduction of the forced termination probability of handoff high bandwidth real-time calls is not significant since larger queue size does not result in more resources. It is to note that, although PPP scheme outperforms LCFP scheme a little bit from our results, it requires more computation effort because PPP scheme has to compute and compare the time T of ongoing nonreal-time calls when making a preemption.
VI. CONCLUSIONS
In this paper, we proposed two preemption-based resource allocation schemes that can efficiently support multiple traffic in an integrated heterogeneous wireless and mobile network. The proposed schemes took advantages of service features of heterogeneous wireless and The simulation results have shown that the proposed resource management schemes can achieve better system performance than the scheme without preemption.
